Introduction {#Sec1}
============

One of the basic assumptions in a mathematical modelling of the standard economic model is the continuity of the excess demand function involved. There are reasons to maintain that the necessity of this assumption is caused by the methods provided by mathematics. First of all the fixed points theorems of Brouwer and Kakutani have to be mentioned, since both require the continuity of the maps. They are the main tools for establishing the existence of an equilibrium. However, the necessity of the assumption of continuity has also some economic motivation: in a neoclassical exchange economy due to the strict convexity and strict monotony of the preferences of all consumers the excess demand function is continuous (s. \[[@CR2]\], Th.1.4.4).

The paper offers a possibility to substitute the continuity of the excess demand function by the *w*-discontinuity of this function and therefore to deal, in some extent, with unstable economies. We will examine the properties of *w*-discontinuous mappings and finally, under some additional conditions, we prove the existence of a generalized equilibrium. The concept *w*-discontinuity includes uncertainty about the deviation of a function from continuity.

The classical microeconomic models have their origins mainly in the work of L. Walras \[[@CR18]\], (1954), a wider discussion of them is presented by K. J. Arrow and G. Debreu \[[@CR3]\], (1954) and also by K.J. Arrow and F.H. Hahn \[[@CR4]\], (1991). An extended description of the classical model can also be found in textbooks on microeconomics, for example, H. Varian \[[@CR17]\], (1992), D.M. Kreps \[[@CR14]\], (1990), W. Nicholson \[[@CR15]\], (1992) or R.M. Starr \[[@CR16]\], (2011). For a strictly functional-analytic approach we refer to the book of C.D. Aliprantis, D.J. Brown and O. Burkinshaw \[[@CR2]\], (1990).

w-Discontinuous Mappings and Their Properties {#Sec2}
=============================================

A class of discontinuous mappings is defined as follows. Let (*X*, *d*) and $\documentclass[12pt]{minimal}
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Definition 1 {#FPar1}
------------
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The constant *w* may not be the best possible (smallest) one. Very often, especially in economic applications, there is known only a rough upper estimation for the "jump". Exactly the constant *w* includes uncertainty about the division of a function from continuity.

A mapping *f* is called *w-discontinuous in X* if it is *w*-discontinuous at all points of *X*.

The notion of *w*-discontinuous maps is not new. It is already found in \[[@CR12]\] as the concept of *oscillation* or as *continuity defect* in \[[@CR8]\]. The notion of *w*-discontinuity (former *w*-continuity) was introduced by the author in \[[@CR5]\].

Example 1 {#FPar2}
---------
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If *X*, *Y*, *V* are real normed vector spaces the following properties of *w*-discontinuous mappings are established (similar as for continuous mappings). For proofs see \[[@CR7]\].

Proposition 1 {#FPar3}
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From the Definition [1](#FPar1){ref-type="sec"}, which makes sense also for $\documentclass[12pt]{minimal}
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Corollary 1 {#FPar4}
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Corollary 2 {#FPar5}
-----------

If $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$f:X\rightarrow Y$$\end{document}$ is *w*- discontinuous and *c* is a constant then $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$c\cdot f$$\end{document}$ is a \|*c*\|*w*- discontinuous mapping.

Proposition 2 {#FPar6}
-------------
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Corollary 3 {#FPar7}
-----------
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In order to consider the product of mappings we need the notation of the product in a normed space.

Definition 2 {#FPar8}
------------
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For the division we reconcile with simplified situation, where (*X*, *d*) is again a metric space.
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As a special case we get

Corollary 5 {#FPar12}
-----------
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If the domain of definition for a continuous mapping is compact, then its range is also compact and, in particular, bounded. The boundedness of the range is guaranteed for *w*-discontinuous mappings as well, however, compactness may not hold.

Example 2 {#FPar13}
---------
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Theorem 1 {#FPar14}
---------
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The following essential result is proved by O. Zaytsev in \[[@CR19]\] and can be considered as a generalization of the Bohl-Brouwer-Schauder fixed point theorem for *w*-discontinuous mappings.

Theorem 2 {#FPar15}
---------
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Market Equilibrium of the Standard Economic Model {#Sec3}
=================================================

We give the description of a simple economic model $\documentclass[12pt]{minimal}
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The quantity of good *i* that is supplied by the firm *f* will be denoted by $\documentclass[12pt]{minimal}
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A market equilibrium, which is one of the most important characteristics of any economy (see f. e. \[[@CR1], [@CR2], [@CR4], [@CR9], [@CR11], [@CR16]\]), describes the economic situation that the total demand of each good in the economy is satisfied by its total supply. This fact is obviously expressed by saying that the difference between the total demand of each good and its total supply is less than or equal to zero. The total supply of good *i* is understood as the sum of the supply of the good *i* and the quantity of *i* which is already available, i.e. the total supply of the good *i* equals to $\documentclass[12pt]{minimal}
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If economic agents at the market are faced with a system of prices, i.e. with a price vector $\documentclass[12pt]{minimal}
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For the standard economic model the following four assumptions have to be met (see \[[@CR4]\]).
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The Assumption 2 asserts that *z* is a homogeneous vector-function of degree zero. Economically this means that the value of the excess demand function does not depend on the price system if the latter is changed for all the goods simultaneously by the same portion.

From the Assumption 2 follows that prices can be normalized (see \[[@CR4]\], p.20 or \[[@CR9]\], p.10). If for some price *p* one has $\documentclass[12pt]{minimal}
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Walras' Law can be regarded as an attempt to have a model sufficiently truly reflecting rationally motivated activities of economic agents. According to Walras' Law all the firms and all the households both spend their financial resources completely \[[@CR9]\].

**Assumption 4.** The excess demand function *z* is continuous on its domain of definition $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varDelta _n$$\end{document}$.

It means that a small change of a price system will imply only a small change in the excess demand. As a consequence from continuity of *z*, the standard model can be used only for the description of economies with continuous excess demand functions. Sometimes they are called stable economies.

In economies such prices are important at which the excess demand for each good is nonpositive, i.e. the total supply of each good satisfies at least its total demand.

Definition 3 {#FPar16}
------------
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For the standard model of an economy with a finite number of goods and agents such prices always exist as is proved in the following theorem.

Theorem 3 {#FPar17}
---------
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Economic Models with Discontinuous Excess Demand Functions {#Sec4}
==========================================================
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In \[[@CR1]\] it is proved that in a neoclassical exchange economy the condition $\documentclass[12pt]{minimal}
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The above situation inspires one to consider models without explicitly given preference relations. In which cases is the excess demand function discontinuous? Consider some good *i* and a fixed price system *p*. In the case that this good is, e.g. an aeroplane or a power station, its demand $\documentclass[12pt]{minimal}
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We will analyse some model of an economy with *w*-discontinuous excess demand functions.

For the economies under consideration we keep the two first assumptions from the standard model and change the two last as follows.
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The *w*-discontinuity of the excess demand function makes our model available to describe some properties of an unstable economy as well.

It is quite natural that for every price vector $\documentclass[12pt]{minimal}
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It seems to be clear that it would be hard to find out why an equilibrium exists in our model. But it will be possible if we can estimate the unsatisfied aggregate demand. This leads to the concept of quasi- or *k*-equilibrium.

Definition 4 {#FPar18}
------------
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We can prove now the following

Theorem 4 {#FPar19}
---------
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Proof {#FPar20}
-----
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Conclusions {#Sec5}
===========

We make some remarks.Fig. 2.No classical equilibrium, but *k*-equilibrium exists.
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